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ABSTRACT

Inflation based on a single chiral superfield (the inflaton) in N=1
supergravity has been shown to be incompatible with the so-called
thermal constraint requiring a high temperature minimum at a point at
which the =zero temperature scalar potential is flat, in a theory using
fields with minimal scalar kinetic terms. Here we show that by
modifying the kinetic terms of the inflaton, one can satisfy the thermal

constraint without introducing additional fields or small parameters.
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I. INTRODUCTION

Inflationary cosmologies [1] have been shown to be capable of
resolving a number of cosmological problems such as the horizon problem
and the flatness/oldness problem., Inherent in these models is that the
universe enters a de Sitter-like phase [1,2] during which the scale
factor of the universe (R) increases exponentially. The de Sitter phase
can be realized In models where the universe undergoes a first order
phase transition during which it supercools many orders of magnitude.
One of the Dbasic assumptions in the standard hot big bang cosmology,
that the universe expands adiabatically, can be strongly violated by
such a transition, since following the extreme supercooling the latent
heat of the transition 1is released. This entropy production ecan
potentially lead to a solution of the cosmological horizon,
flatness/oldness problems associated with the standard model [1].

The new inflationary universe [3] was the first seriocus candidate
for a realistic inflationary cosmclogy scenario. Here the inflation
(exponential expansion) is triggered by the spontaneous breakdown of a
gauge symmetry in a grand unified theory (GUT), and it was shown that
GUT models with the Higgs potential of the Coleman-Weinberg type can
produce the amcunt of iInflation required to solve the cosmological
problems when mass scales are correctly tuned. The new inflationary
universe however fails on an Important point: the amplitude of the
spectrum of energy density fluctuations ép/p comes out much tco large to
be consistent with galaxy formation [4]. Other problems have also been
shown to plague this scenario [5,6]. This disappointment has led many

tc the study of inflation in the framework of supersymmetry [6-8], In



supersymmgtric theories, radiative correction to the Higgs potential are
small and a natural explanation of the hierarchy problem along with
small stable masses needed for inflation may be possible. In this paper
we shall be concerned about a special class of supersymmetric
inflationary theories; those in which the scale of the '"symmetry

brezking" is of the order of M=Mp//§}=2,ux1018

GeV, where Mp is the
Planck scale (this is called primordial inflation) [7]. In the models
we consider, Inflation 1is not associated with the breakdown of any
symmetry as in the new inflationary universe. However, much in analogy
with the 1latter, inflation 1is generated in a first order phase
transition during which a scalar field (the inflaton) acquires a non
zero vacuum expectation value <¢>=v=M. The scalar potential V is fine
tuned soc that the cosmological constant vanishes at v, i.e. V{(v)=0. It
has been argued that primordial inflation (i.e. inflation above the GUT
scale) may be more natural than inflation at lower scales such as at the
GUT scale, because it involves less fine tuning of parameters. The
reason being that flat potentials, as are needed in the inflationary
picture, are easier to obtain as v+M.

The combination of primordial inflation and supersymmetry naturally
leads one to consider inflation in supergravity. Several authors have
already studied inflation in N=1 minimal supergravity models, but it
appears difficult if not impossible to satisfy all the constraints an
inflationary model must satisfy [9]. By minimal supergravity models we
mean models in which G£=Gg (here G is the K#hler potential), so that the
kinetic terms of the scalars, Ggau¢iau¢;/2 are the usual ones. It 1is

our hope that by considering more general Kahler potentials, with Gg an



arbitrary positive definite tensor (non minimal supergravity), the
inflationar& constraints can be satisfied, In sections to follow, we
shall argue that this is actually possible, and we shall provide an
example of an inflationary cosmology which satisfies the constraints
without any fine tuning (except for the cosmological constant). We
shall also provide an example in the large N limit (N being the number
of scalar filelds in addition to the inflaton), in which all constraints
are satisfied.

In Section II we review some results from minimal supergravity
mocdels, and consider In detail the constraint imposed through finite
temperature corrections to the scalar potential. In Section III we
define non-minimal supergravity in more detail and present our results,

Our conclusions are given in Secticn IV.

II., MINIMAL SUPERGRAVITY
NOTATION: We begin this section by introducing the notation used
throughout this paper. We shall consider scalar fields ¢i, i=0, 1,....,

f *
N, and potentials u(¢1,¢ ). Here ¢° is the inflaton, and we simply write

]
¢ for ¢°. For derivatives we use the following abbreviations, u}?" =
i 3 * *
(a/a¢1)(a/a¢33..(a/a¢m) (B/3¢l)u, and sometimes also Uy = Ug» W= u°

*

ete. when we are concerned about derivatives with respeect to ¢ and ¢ .
Given the Lagrangian for N=1 supergravity coupled to matter [10],
one c¢an write down the most general form for the scalar potential in

terms of the Kahler potential G,

V = exp (G)[Gi(c‘1)§aJ ~ 3] (2.1)



where G 1s a real function of the chiral superfields ¢i. Cur units

through this paper will be M = Mp//g} = 1, The scalar kinetic terms of

the thecry are given in terms of G as well

J Tyraus®
;{K_T = -Gy (3,4 ) (3 ¢5)/2 (2.2)

Hence, we will use the term minimal N=1 supergravity to describe those

theories which have a pricri normalized kinetic terms or

J o d
Gy = 63 (2.3)

It is common in minimal theories, to express the Kihler potential

in terms of another arbitrary function called the superpotential F(¢i).
i * 2
G =9"¢, + log|F| (2.3)
In this case the scalar potential takes its more familiar form

V= explolo LI, + oyF|% - 3]F|2D (2.4)

The first attempt [11] to write down a model for inflation in the
context of supergravity, considered a single chiral superfield ¢ to be
known as the inflaton. Starting with an arbitrary pclynomial for F(¢)

@

F(o) = u° 3 An¢n . (2.5)
n=0



one hoped to use the constraints on the scalar potential for inflation
to set coﬁditions on the couplings li' The two major constraints (a
complete 1ist of constraints will be given in Section III) require a
long rellover timescale, that is the timescale for the inflaton to pick
up its vacuum expectation value v = 1 and an acceptable magnitude for
the density perturbation ép/p produced during the rollover. This last
constraint will fix the magnitude of the mass scale uy in the
superpotential (2.5).

One notices that the higher order terms in F apparently introduce
non~renormalizable interactions, but because we will view this as an
effective theory, these terms are suppressed below the Planck scale by
powers of M, and above the Planck scale new physics is hoped to cure
this problem. The superpotential F is in general a sum of several

pleces,
F = FI + FG + FS (2-6)

due to the inflaton, the GUT sector and the SUSY breaking sector. Since
we are concerned about primordial inflation, we assume that at large
energy 3cales the inflaton piece dominates. It is only at lower energy
scales, after inflation, that the GUT piece and then the SUSY piece
contributes to F. In what follows we will concentrate only on the
effects due to FI'

A simple example of an inflationary model in minimal supergravity

at zero temperature which satisfies all constraints is [12]



F(o) = u?(1-4)2 (2.7)

{i.e., Ko=1, Ay==2, and A,=1). This choice of F insures that the first
and second derivatives of V vanish at ¢=0 as is required for sufficient
inflation, that V(0)} is positive and that V has a minimum with vanishing
cosmological constant at ¢=1. With a suitable choice of u it is also
possible to satisfy the constraint imposed by the energy density
fluctuations, that ép/p = 10—4. Thus the zero temperature potential V
derived from this F satisfies all requirements for a successful
inflationary cosmology.

We note here that the minimum of the potential at ¢=1 preserves

supersymmetry. The condition for supersymmetry breaking being
/ -
%26 (c ’)§ £ 0 (2.8)

for some fleld j. If for example, the global minimum for the inflaton
did break supersymmetry, the supersymmetry breaking scale MS would be

determined by the single scale in F namely

Mo ~ p° . (2.9)

4

As we will see, u 1is determined by &p/p to be w - 107" so that

MS ~ 10F8 ~ 101O GeV, This scale is much too large for supersymmetry to

be wuseful as a solution to the gauge hierarchy problem. Adjusting uy -

10_8 to give correct supersymmetry breaking then leads to an

unacceptable inflationary model [13]. Thus in order to avoid extreme



fine tuning and the introduction of several scales in the
superpotential, we will only conslider models in which the inflaton
preserves supersymmetry at the glebal minimum and models in which FI is
a function of a single field and carries only a single scale u and all
coupl ings Ai are 0(1).

The model given by eq. (2.7) is indeed quite simple. However a
problem arises when one considers the initial conditions for the
inflaton ¢. Without specifying the initial conditicns by hand, the only
way to determine them 1s by examining corrections to V(¢) at high
temperatures [14]. However if one calculates the finite temperature

potential VT using the same superpotential (2.7) one finds that V and Vo
do not have extrema at the same values of ¢, in particular at ¢=0. This
means that the value of ¢ as the temperature ccols below the critical
temperature may be different from zero, and only if V has vanishing
first and second derivatives at this value of ¢, may cne hope to get
inflation. We therefore conclude that in order to have a consistent
scenario, we must impose the thermal constraint f.e., the constraint
that VT has a minimum at ¢=0 (or to be more precise, at the value of ¢
at which the first and second derivatives of V vanish, i.e. where V(¢)
is flat).

It has been argued [15] that in the case we are considering, single
field inflation in minimal supergravity, it is not possible to satisfy
the inflationary and thermal constraints simultaneocusly. Indeed, one

can show that the requirements V(0) > 0, 3V/3¢ (0) = 0 and BVT/3¢ (0) =

0 are incompatible. The expression for VT has been calculated,



. rszBTq/US + Tr(mg+m§/2)T2/24 (2.10)

where N, is the number of boson degrees of freedom and mg (mg) is the
boson (fermion) mass—squared matrix. These matrices depend on the
Kahler potential G and its derivatives, which again depend on the vacuum
expectation values of the scalar fields. In terms of the K&hler
potential we have the following expressions for the traces involved iIn

the calculation of VT [16]

2, _ -141.3
Tr(mB) = 2(G )jvi
(2.11)
2 G -tk =1y%,, 2
Trim2) = 2e Lj(a Y (ij * GGy - GEGEJ(G )p)l 2]

where we have included the spin-1/2 and the spin-3/2 {(gravitino)
contributions in the fermion trace. At high temperatures the dominating
field-dependent term in the effective potential, V+VT, is VT' and its
minimum determines the vacuum expectation values of the ¢i's at high
Lemperatures.

In the case we are considering (Gi:aj) eq. (2.10) can be

i

simplified,
V.. = T90[3/2 (A+B+C2) + (N-1)C - (2N+1)]/12 (2.12)
where

A = GiGijGj + h.c. (2.13a)
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C = Gici {(2.13¢)

and N is the total number of chiral supermultiplets. In the limit that

N is large, eq. {2.12) further simplifies to [16]

vy - Nt2eb(c-2)/12 (2.14)

We remind the reader that in this notation we have
_ G
Vv = e7{C-3) (2.15)

for the case under consideration.
If we now try to apply the condition 3V/3¢ (0) = BVT/3¢ (0) =90, we

have

G¢3G(C—2) - G¢9G(C—3) (2.16)
which can be satisfied only if G¢ =0 or eG = 0. However these solutions
correspond to V(C)<0 and V(0)=C respectively and both vioclate the
necessary condition that V(0)>0. Hence the incompatibility between the
inflationary constraints and the thermal constraint.

The observant reader may object to the fact that we have required a
thermal minimum at ¢=0 rather than ¢=0 which would te sufficient for our

purposes. This case however turns out to invoke unnatural means such as
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fine tuning coupling constants of the scalar field interactions by many
orders of mégnitude. Indeed even efforts to satisfy all constraints by
including extra fields interacting with the inflaton [17] have led to
severe fine tuning in the superpotential. The only way we hope to

remedy this situation is to examine non—minimal models.

III. NCN~MINIMAL SUPERGRAVITY

In this paper we shall try to examine the possibility of satisfying
the thermal constraint by considering non-minimal supergravity.
Non-minimal supergravity has been considered before in other contexts by
several authors [18]. As we have said earlier, what we mean by
nen—minimal supergravity is the class of theories in which G%#aff
Because the kinetic terms of the scalar fields (given by eq. (2.2)) are
no longer correctly normalized, a transformation of the fields ¢i to new
(physical) fields are required. This brings the kinetic terms back to
normal form in terms of the new fields.

We will assume that only one chiral superfield whose scalar
component ¢ 1is called the inflaton, is responsible for inflation and
that the effect of all other fields are negligible at the energy scale
at which the inflation occurs. (To be more precise, the inflaton is the
real part, ¢, Oof the complex field ¢=¢R+i¢lf) We first consider the
case where the inflaton is the only field present (note that we do not
at any time impose a priori that ¢=¢p, instead we will impose conditions
for the stability of <¢I>=0). Later we consider the so called large N

limit.
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The equation of motion satisfied by the inflaton ¢ may be derived

from the Laérangian
_ - 3 i * Uy, _ *
L= Jd x\/_g_(Giaugb avq,jg /2 = Vo, )) (3.1)

We find that ¢ - assumed to be homogenecus - satisfies the scalar field

equation
G¢ . - ¢ .2=_¢ , .
¢(¢+3H¢) + G¢¢¢ v (3-2)

where we have also assumed fLhat the space-time metric guv has the wusual
Robertson~Walker form, and H is the Hubble constant. When we examine
this equation for the purpose of inflation it is important to notice
that in theories with non-minimal kinetic terms the effective "force"
which drives ¢ to the minimum of V is -V¢/G$ instead of the usual -~v®.
Notice also that an extra "frietion~term" appears in the equation of
motion,

We shall attempt to devise a G(¢,¢*) S0 as to obtain an effective
potential satisfying all constraints including the thermal one. We will
choose G in such a manner that Gg equals 1 to at least second order at
¢=0, so that we can replace Gz with 1 when we impose the constraints at
$=0 required to obtain successful inflation. The =zero temperature
potential V should have a shape 1like shown in figure 1, where V is
positive and monotoneously decreasing on the real ¢-axis between ¢R=o
and ¢R=v. V must be chosen to be very flat at ¢=0 in order to provide

for sufficient inflation, so we demand that
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v>o (3.3
WV oL (3.4)
3¢p
2
av 0 (3.5)
2
3o

at ¢R =97 = 0. The imaginary part, by of ¢ will be irrelevant for
inflation, so in order to simplify matters, we require that ¢I is stable

during inflation, i.e. that

A, (3.6)
20,

_3_((G$)"_f§£ >0 (3.7)
301 3

*
for all ¢=¢ (notice that this is equivalent to ¢; =0 and L2
arbitrary).
Furthermore we must choose G so that the cosmological constant

vanishes at the minimum, i.e. we require that

V(gg = v, 97 = 0) =0 (3.8)

In addition as we have said in the previous section, we wish to impose,
that ¢ has nothing to do with the breaking of supersymmetry. Therefore
we demand that the minimum of V at v be supersymmetry conserving; this

amounts to the requirement eq. (2.8) that
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*
at ¢=¢ =v.

In order to satisfy the thermal constraint we must require that VT
has & stable minimum at the point where V is flat (in this case at ¢=0),

i.e., that the first derivatives of VT vanish and that the mass matrix

M (calculated from V) is positive definite at this point,

B S (3.10)
Ibp 39
2
v
. 20 5 (3.11)
3¢ia¢j '
for i,j = Ror I at ¢ = 0. Thus egs. {3.3) - (3.11) represent the

constraints we will require on G(¢,¢*) which can provide a scalar
potential capable of inflation. Other constraints such as density
perturbations and reheating will be discussed below.

In order to satisfy these constraints we write G in the following

form
G(o,6") = 8(¢,0") + log|F(e)[% , (3.12)

where

Fo) = u?l1-&)mIm (3.13)
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and where g is a real function, g(¢ ¢*) = Za k¢*l with a - A W
: ’ ’ k1¢ k1 = 31k e
have here restricted ourselves to the case where the a,,'s are real;
this insures that V too is a power series 1In ¢ and ¢* with real
*
coefficients, and therefore that 8V/8¢I vanishes when ¢=¢ (see
eq. (3.5)). This particular form of F is chosen in order to trivially
satisfy the constraints at the minimum 4 = v; this choice insures that
the supersymmetry constraint (eg. 3.8) is satisfied, and since V

contains a prefactor of exp(G}, it is apparent that V vanishes at ¢ = v.

We now make the following choice of g:

g(d,6") =
alo+e )+op +(2-a2) (42+9"2) /24 (ab-5a-aZc/3+2a3) (s3+07°3)/6  (3.14)

+(1mac/3) (6927846630 490731 76+ ¢ (936 2+626%3) /12 .

We have for simplicity chosen a,, = 0 (i.e. the coefficient of
¢¢* (¢+¢*)). With this cheice of g all the remaining constraints except
for the ones involving inequalities are satisfied. Therefore what
remains tc be done is to choose - if possible - a, b, ¢, m, n and v 80
the inequalities are satisfied.

We have attempted this with the aid of a computer and found that it

is in fact possible to satisfy all constraints for example by choosing
(a,b,e,m,n,v) = (-2,4,-3,2,5,1) . (3.15)

The T=0 scalar potential for these parameters is of the same form as in

Fig. 1.
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We have not yet included the constraint coming from energy density

perturbation-on the potential. For a potential of the form
PR
V(g = u'(x - A,07/3 + L.l) (3.16)

{as is the case for ¢=0 for G defined by (2.12-3.14), the expression for

the energy density perturbations is [4,19]

1 2 2, =
s v 1n%kh (3.17)
2
(6m3x) 172 :

(=]
oo

where k is the wave number of the perturbation, and H = (A~/3)1/2 with A

and Xe of order unity, and galactic size perturbations eq. (3.18)

becomes

E% - 1032 (3.18)

implying that w ~ 1077 ~ 1078

so that &p/p - 1074 - 1075 in agreement
with 1imits from the anisotropy of the microwave background radiation.
Finally, as we have remarked above, we must transform the fields
into physical fields. In the appendix we have shown nhow this is done
for a G of the form we have chosen above, and we argue that the
constraints are still satisfied for the new (physical) fields.

We shall now consider the effects of additional fields and the

large N limit. In a realistic model, the GUT sector provides for on the



17

order of 100 extra fields, which contributes to the Kahlepr potential, so
that in general V and Vr are changed. We assume for simplicity that Gg
is diagonal and that Gg = Gf for 1,j=1,2,...,N. We also let ¢=¢O be the

inflaton. Then we find for the new potentials

>
V= exp(G)L]G, | /G$r3] (3.19)

and
Vo o= 2+ NTS(Vrexp(G))/12 (3.20)

where we have only included the part which depends on the inflaton
(¢;¢*), V? is the previously used expression for the thermal potential,
and we notice that V is unchanged as a function of G, but that due to
the extra fields, V. contains additional terms of which we only have
included the leading term in N. In order to satisfy the constraints we
make the fcllowing ansatz for the ¢-dependent part of G, G =

8(¢.¢*)+log|F(¢)|2, and

g(¢v¢*) =
alp+e")+00 +(2-a2) (92+4*2) /2 + (ab-5arae/3+2a3) (43+6%3)/6  (3.21)

+(1-ac/3) (60 )2/b+b (639 +96"3)/6 + (c*N/a) ($3¢*2+626%3)/12.

This choice satisfies all constraints except the ones involving
inequalities. These must be satisfied by a suitable choice of the

remaining parameters a, b, ¢, m, n and v. N is typically of the order
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100; for illustrative purposes we have chosen N=100, Again, with the
aid of a cdmputer, we have found it possible to satisfy all constraints
by & suitable choice of parameters. For example the following set is
sufficient (a,b,c,m,n,v) = {(-3,15,-2,2,5,1/2). Analogously to the case
with only one field, a field transformation is needed, This
transformation only involves ¢ and ¢* since only G$ is non-trivial and
Gg = 6{; see the appendixt

For completeness, we observe that reheating in these models does
not present any additional problems. The inflaton i3 coupled to
ordinary matter only through gravity and it decays with a decay rate I «
M3/M2. In the examples above, M¢ is always of the order uzM s0 that the

¢
reheat temperature is [20,9,12]

T - ()2 - 3 - 108 Gev (3.22)

Although this may seem 1ike a low reheating temperature, if the mass of

this Higgs boson responsible for generating the baryon asymmetry is MH >
1010 GeV, the net baryon number produced is
n T
B . -
2= _R (48) ~ 107%aB) (3.23)
3 H ,

*
where AB is the baryon number produced by H, H decay. (See however
Ref, 21.)
We conclude this section by discussing how to extend the above to

include other sectors such as the GUT sector or the SUSY breaking
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secter, and thereby include low energy physies. This may be done, as we
have mentibned above, by 1including in F contributions from the extra
sectors, for example let us consider F = f+h where f 1is the piece
responsible for inflation defined above, f = u2[7-(¢/v)n]m and h = h(wi)
is the superpotential of the GUT sector. Using G =

g(¢;¢*)+wiw:+logJF[2, we find for the scalar potential V:

= i * 2, ¢ *¥2_ 2
V= explg+yy,) [|f¢+g¢F| /g¢+|hi+¢iF| 3|F|°T . (3.24)
Since h<<u2, F=f at large energy scales and we recover the expression
for V used in our previous analyses. After the inflationary phase
transition however, when ¢ = v, f and f¢ vanishes and V is expressed

entirely in terms of the GUT sector:
* *
Ve exply Il n +yin|3-3(n|?] . (3.25)

In this way one can also wish to add a Polonyi term [22] to break the

supersymmetry, Fs=m§(5+z) where my - 10—8 is the scale of supersymmetry

breaking and z is the Polonyi field responsible for the breaking.

IV. CONCLUSIONS

The necessity of separating the inflation sector from the GUT
sector is unattractive in the sense that it requires new physics to
describe an inflationary phase transition in the early Universe.
Despite our complete uncertainty regarding this new sector, it is of

interest tc determine whether or not an inflationary model can be
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derived using only a single new field and no relative fine tunings among
the couplingé. In a minimal N=1 supergravity thecry, it is clear that
this is not possible., Namely, one cannot write down a superpotential of

the form

£(p) = ulgle) ' (4.1)

2 is determined from the

where the couplings in g(¢) are all 0{(1) and p
constraint coming from density perturbations. Such a model fails in
that the high temperature correction to the scalar potential derived
from eq. (4.1) has no minimum near ¢ = O. Hence there is no reason to
expect that the initial conditions would single out ¢ = 0 rather than
any other point.

The use of finite temperature corrections can remove the
arbitrariness of ¢1n1tial by taking ¢;,.i¢y41 = min(VT)f Doing this
however requires an additional assumption. It requires that at some
early epoch thermal equilibrium was once established. Below Mp, this
seems unlikely as self couplings are to¢ small to compete with the
expansion rate of the \Universe. One must assume therefore, that at
scales above Mp, new physics was responsible for the thermal
distribution. Inflation will then follow if the thermal effects pick
out ¢ = 0 as the initial condition. Whether or not ¢=0 is chosen has
been the subject of recent debate [23]. It has been argued however that
in models in which <¢>=V~Mp, i.e. primordial inflation, proper initial

conditions are obtained [24].
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One is left therefore, with three alternatives: 1) ignore the
thermal constraint; 2) find a scenario which does not require it; or
3) try to find a model which satisfies it, The first choice requires
choosing by hand initial conditions and one can write a successful model
which is very simple and satisfies all the zero temperature constraints,
as was discussed in Section II. To alleviate the arbitrariness in the
inflationary scenario, we prefer the second two alternatives,

There has been one attempt to find a scenaric which bypasses the
thermal constraint. This 1is known as chaotic 1inflation [25]. 1In
chaotic inflation, one utilizes the faet that at very high
"temperatures", there is a good probability that ¢ will be very far from

¢ = 0. Indeed ¢ > Mp is possible so long as V{(¢) < Mg. As ¢ begins to

Y

settle to its local minimum (given for example by a A¢ ' potential)

inflation may occur. If we take the example of a A¢u

potential, we need
A - TO‘"_T2 in order not to overproduce density perturbations [26,27].
Inflation occurs however only when the Lagrangian is dominated by the

potential energy rather than the kinetic terms. Therefore

4

D (4.2)

3% + (au¢)2 <V <M
If we assume Tfor some reascn that ¢ begins at rest (already a bad

assumption at the Planck scale) ¢ = 0. If we then take ¢ to be smooth

1

over a horizon scale AL ~ H ! ~ M;‘ then
l1/2¢2
Ap < M < Mp (4.3)

%
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which requires ¢ as large as 103 Mp with 4¢ < Mp. In short one

initial
would expect this model to be dominated by kinetic energy terms rather
than the potential. If one assumes however that the field was smooth

3A1/2

cver a scale AL ~ 103HP1 ~103M;1 cne has A < 10 ¢2/Mp < 103Mp ar

¢initia1 ~ Ay~ 103Mp [27Jf Smoothness over many horizon scales

(1O3H—1) seems equivalent in choosing by hand the initial conditions of
our first choice.

In this paper we have taken the route of our third chcice, i.e. to
satisfy the thermal constraint. In the context of minimal supergravity,
one can either add additional fields and/or make severe fine tunings 1in
the couplings to satisfy all constraints. This has apparently been
shown to be possible. We preferred however to rest with a single field
and no relative fine tunings by exploring the effects of a theory with
non~minimal kinetic terms. We find that indeed this approach is
possikble.

Finally we note that there have been other attempts at inflation
utilizing non~minimal supergravity models based on a SU(N,1) symmetry

[28]. In these models, the Kihler potential has the basic form [29]
*
G = =3 In(f(z,2") ~ ¢19:/3) + 1n|F|2 (4.8)

where 2z is the Polonyi field responsible for SUSY breaking and ¢i
(1...N) contain the inflaton and matter fields. These thecries
necessarily involve the mixing of the z field with the matter fields and
cannot be discussed in terms of single field inflation. Care again must

be taken to solve the thermal constraint. In the so-called maximally
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symmetric models [30], although the scalar potential is symmetric about
¢ = 0 the thermal potential contains a linear term s0 that ¢initial £ 0.
Simpler versions of this mocdel however can be made to satisfy the

thermal constraint with the choice [28]

F(§) = n2(o - o/W) (4.5)

In conclusion, we have shown that there exists a class of single
field inflationary models which satisfy both the zero and finite
temperature constraints., By utilizing non-minimal kinetic energy terms
one can obtain the additional freedom to satisfy these constraints. In
these models, the standard low energy N=1 supergravity theory is left

unaltered.
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Appendi x

In this appendix we demonstrate that the field transformation
carrying the "non physical inflaton" ¢ into a "physiecal inflaton" ¢ does
not alter our results.

The Kihler potential G of eq (3.21) implies a kinetic term in the

Lagrangian
L R Mg /2 .
kr = Gpd,09%0 AT
where
* b * 1 N * *
6 = 1+(1=%)00 +3(0%+¢ ) 45(er]) (0% 409 ) A.2

If ¢ = ¢p + 19y, then

G¢d¢d¢*

0,2 2
: G3 (dpprde?)

(1+a¢§+6¢§+Y¢g +Y¢R¢§)(d¢§+d¢§) A.3

d¢§+d¢§+ {(terms of higher order)

where the terms of higher order have the form ¢§d¢§ ete. It follows
therefore that to lowest order the new fields @R, ¢; are identical to by

and ¢;. Therefore we find for example for



av _ av 8¢E + 3V 3¢g

L 3¢R 30p 3¢y 3¢y

and evaluated at ¢ =

Also
2
3%y 32y <3¢R>2+2 32y 36, 39, L 3y 3oy 82v<3¢T
N ‘ 2 2
3y g \0d, Bhpd¢y 30y B0, 3, 307 307 \ae,

which also vanishes at the origin because

2 2
3V B9y v 3%

) ) ]
Be5 a0y Bep  20°

all vanish. Similarly one sees that 82V/8¢§ > 0 because 82V/8¢§ >0
By carrying ocut the field transformation in the

minimum v of V one similarly finds that

satisfied,.

)2
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Ak

0 this vanishes because BV/B¢R and 8V/3¢I vanishes.

2
d
+i2_¢il
2
3¢I BQR

A.b

vicinity of the

all constraints at v are

A

.5
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Figure Caption

*
Figure 1: The T=0 scalar potential in the ¢=¢ (¢R) direction for

the parameters given by eq. (3.15).






